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INTRODUCTION 
Shot-peening metal products is a very common manufacturing practice for various 
reasons. Shot-peening provides fatigue crack resistance, friction, lubrication, wear and 
surface finishing. Shot-peened surfaces are also found on many areas on gas turbine 
engine disks. The rough surfaces caused by the shot-peening process often makes the 
eddy current inspection of engine disks difficult. This is because the signals from 
rough surfaces often give strong background readings. In addition to this noisy 
background due to shot-peened surfaces, the background signals due to the titanium 
grain structure also makes the inspection complicated. Ko, Xu and Birx [1] used 
several innovative signal processing techniques to enhance the defect detection in Ti-
6AI-4V material, but these techniques are not adequate when the titanium material is 
heavily shot-peened. De La Pintiere [2] used a multiparameter technique to examine 
the OD defect of a heat exchanger tube in the presence of ID pilgering noise. The 
research of the defect inspection on shot-peened surfaces, however, seems sporadic. 
The purpose of this study is to examine the effect of shot-peened surfaces on eddy 
current signals at different inspection frequencies and its effect on a titanium engine 
disk inspection in an automated test environment. 
EXPERIMENTAL CONDITIONS 
Engine Disks 
Two engine disks were inspected: one from an FIlO engine and the other from an 
F129 engine. Both disks are made of Ti-17B and their geometry shapes are similar 
except for the degree of shot-peening and the existence of notches. The slightly shot-
peened disk is an old version of the F 110 disk which is used for inspection technique 
development. It contains a series of EDM (electrical discharge machining) notches from 
20xl0, 15x7.5 to 1Ox5 mils (length by depth). The width of the notches is 2.5 mils. 
The heavily shot-peened disk is a production disk which is used for reference purposes 
only. There are no notches on this disk. The area to be inspected covers a significant 
portion of the disk, including the bore and web areas. Furthermore, the shapes of these 
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surfaces vary from flat surfaces to complex curved surfaces. 
Inspection Procedure 
The eddy current probe contains a reflection differential coil. Inspection frequencies 
of 0.5 MHz and 2 MHz were used during this study. The inspection was carried out 
on the RFC (Retirement For Cause) inspection system [3]. During the development 
stage, the data were taken by directly programming a mechanical controller and 
manually switching the NDT instrument settings. Then, the data were acquired from a 
digital oscilloscope and analyzed through an off-line personal computer. After the 
technique was developed, all the mechanical scan, data acquisition, data analysis and 
flaw size calculations were automatically carried out once the inspection was executed 
from an Intel computer. Resultant signals at various stages of signal processing will be 
discussed. 
RESULTS 
Three types of signals will be shown: typical raw signals, and processed signals 
before and after mixing. For each type of signal, the first set of data was taken from a 
slightly shot-peened disk while the second set was taken from a heavily shot-peened 
disk. For each set of data, data were taken at three different locations. 
T)l)ical Signals from Various Degrees of Shot-peening 
Typical signals from a slightly shot-peened titanium material are shown in Figure 1. 
The arithmetic average of surface roughness (Ra) [4] of the bore areas measured by a 
stylus was 60 micro-inches (or 1.52 microns). Three sets of data were taken from three 
locations around a notch at the bore area of a titanium engine disk. Each of these sets 
of data contains a notch signal as well as background signals. No significant difference 
in the frequency content for these two signals was observed, except that the amplitUde 
of the notch signal was higher than that of the background signal. The peak to peak 
amplitude due to the notch was 304 counts (an arbitrary linear unit), while the 
background signal was about 100 counts. In this case, the background signals were not 
excessive. 
Figure 2 shows data taken from three places on the bore of a heavily shot-peened 
titanium engine disk. The Ra value is about twice that of the previous case (or 120 
micro-inches). The peak to peak amplitude of the signal is 448 counts. This high 
amplitude did not result from the notch. However, if the same notch in the previous 
case were made on this heavily shot-peened disk, assuming that the amplitude was the 
same (i.e. 304 counts), .it is clear that this notch signal will not be detectable because of 
the higher background noise (i.e. 448 counts). 
Processed Signals Prior to Mixing 
The eddy current signals on the impedance plane were rotated and scaled prior to 
mixing. The optimization of the rotation angle and the scaling factor were determined 
empirically. Figure 3 shows the processed signals of two frequencies plotted together. 
These signals are shown after scaling and rotation, but prior to final mixing. These 
signals of two frequencies were taken from the same area on the disk. When 
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Figure 1. Typical eddy current notch signals from a slightly shot-peened disk at three 
locations. 
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Figure 2. Typical eddy current background signals from a heavily shot-peened disk at 
three locations. 
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comparing these signals, it was noticed that the background signals seemed to correlate 
to each other. On the other hand, the flaw signals are different in amplitude, and in 
some areas, the notch signals of the two frequencies are different in shape or even out 
of phase, as is shown in Figure 3c. 
Figure 4 shows three sets of the processed signals of two frequencies from the un-
notched but heavily shot-peened disk inspection. These data were processed in the 
same way as those for the notched disk. When comparing these high amplitude 
background signals of two frequencies, it is found that they also correlate to each other. 
Processed Signals After Mixing 
The final processing of the signal is done by mixing (or combining) the signal of 
two frequencies. In this study, the final mixing is simply a subtraction of these two 
signals. Figure 5 shows the processed signals after mixing. By comparing the data in 
Figure 5 with the corresponding data in Figure 1, it can be seen that the signal to noise 
ratio (or more precisely: notch signal to background signal ratio) increased by at least 
twice. 
Similarly, Figure 6 shows the data after mixing taken from a heavily shot-peened 
disk. It can be seen that the amplitude of these background signals is also decreased. 
By comparing the data in Figure 6 with the corresponding data in Figure 2, the 
suppression of the background signals was also observed. 
Automated Inspection 
An algorithm based on this study was integrated into the RFC/NDE eddy current 
system for shot-peened surface inspection. To further enhance the signal-to-noise ratio 
due to the grain structure of titanium material, this shot-peened inspection is combined 
with an image processing technique [1]. To ensure that this inspection is repeatable 
with various probes, each probe is calibrated on a setup block prior to inspection. 
Furthermore, to ensure that this inspection is reliable at various RFC/NDE stations, the 
minute variation of the scan speed is monitored and adapted prior to inspection. 
Finally, to ensure that the inspection meets the flaw size requirements by the Air Force, 
a series of eddy current reliability tests were carried out on fatigue crack specimens. 
Preliminary test results from the inspection of several notched fan disks (Ti-6AI-4V) as 
well as 1-2 spool (Ti-17B) were promising. False calls were substantially reduced, and 
the indications detected were mostly due to notches. 
DISCUSSION 
Shot-peened surfaces present a challenge to the eddy current inspection of turbine 
disks because the background signals often mask the flaw signals. This multiple 
frequency approach enhanced the flaw signal to background signal ratio by twice, 
allowing small flaws to be detected reliably on shot-peened engine disks. The noise 
from the shot-peened surfaces was suppressed, probably due to the difference of the 
depth of penetration of the eddy currents of different frequencies. Both frequencies 
contain information from the shot-peened surfaces; however, only the low frequency 
eddy current contains flaw information from under the shot-peened surfaces. 
Therefore, the common portion of the shot-peened signals can be suppressed, 
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Figure 3. Overlap of eddy current notch signals of two frequencies from a slightly shot-
peened disk at three locations. 
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Figure 4. Overlap of eddy current background signals of two frequencies from a 
heavily shot-peened disk at three locations. 
759 
400 
a. Amp 
-4001L-__________ L-_-.::: _______ ----l 
o 1000 
400 
b. Amp 
-400,'--__________ 1...-_________ ---1 
o 
400 
c. Amp 
1000 
Position 
Figure 5. Mixed eddy current notch signals from a slightly shot-peened disk at three 
locations. 
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Figure 6. Mixed eddy current background signals from a heavily shot-peened disk at 
three locations. 
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while the flaw information is sustained by properly mixing the signals of two 
frequencies. Caution must be also taken in inspecting large grain and dual-phase 
titanium alloys. The background signal arising from the grain structure can also mask 
the flaw signals. In such a case, additional processing of the signal should be used [1]. 
The approach outlined in this study should be compared with microstructure study as 
well as the surface texture study in order to better understand the eddy current response 
from the microstructure and texture. This would benefit the increasing use of various 
types of titanium alloys in newly-built airplanes [5]. 
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